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Abstract

Due to the idea about huma.n safety, operation in hazardous areas will use machines
or robots instead of human. Therefore this project is occurred to be useful for passing through the
areas that cannot touch the ground.

This project presents the control of balloon to fly along the target route by using an
analog video camera to be a route sensor. The signal from the analog video camera will be fed
through the amplifier circuit and voltage comparator circuit in order to transform the analog signal to
digital signal. This signal will be processed in MCS51 micro-controller, then the output signal will
drive the turbine motor circuit. There are 3 motors. Two motors are at the left and right wings to
control the forward flying, turn left and turn right. The last one s at the bottom of the balloon to

control the level of flying. This control method is the 3-dimension control.
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Features

+ Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

* 128 x 8-bit Internal RAM

* 32 Programmable /O Lines

* Two 16-bit Timer/Counters

¢ Six Interrupt Sources

* Programmable Serial Channel

* Low-power ldle and Power-down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

VvCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1is an 8-bit bi-directional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1,) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

ATMEL

Port 2 pins that are externally being pulled low will sour
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetchr
from external program memory and during accesses
external data memory that use 16-bit addresses (MOVX
DPTR). In this appilication, it uses strong internal puliu’
when emitting 1s. During accesses to external data mei
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits tl
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and son
control signals during Flash programming and verificatior

Port 3

Port 3 is an 8-bit bi-directional I/O port with internal pullup
The Port 3 output buffers can sink/source four TTL input
When 1s are written to Port 3 pins they are pulled high t
the internal pullups and can be used as inputs. As input
Port 3 pins that are externally being pulled low will sour
current (1) because of the pullups.

Port 3 also serves the functions of various special feature
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (externa! data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pr
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles whil
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byt
of the address during accesses to external memory. Thi
pin is also the program pulse input (PROG) during Flas
programming.

In normal operation ALE is emitted at a constant rate of 1/
the oscillator frequency, and may be used for external tir
ing or clocking purposes. Note, however, that one ALI
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to Ve for internal program
executions.
This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTALA

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2 ‘
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left

unconnected while XTAL1 is driven as shown in Figure
There are no requirements on the duty cycle of the extern
clock signal, since the input to the internal clocking circuit
is through a divide-by-two flip-flop, but minimum and ma:
mum voltage high and low time specifications must t
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the o
chip peripherals remain active. The mode is invoked |
software. The content of the on-chip RAM and all the sp
cial functions registers remain unchanged during th
mode. The idle mode can be terminated by any enable
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a ha
ware reset, the device normally resumes program exec
tion, from where it left off, up to two machine cycles befo
the internal reset algorithm takes control. On-chip hardwa
inhibits access to internal RAM in this event, but access
the port pins is not inhibited. To eliminate the possibility -
an unexpected write to a port pin when Idle is terminated t
reset, the instruction following the one that invokes Id
should not be one that writes to a port pin or to extern
memory.

Figure 1. Oscillator Connections

] _I XTAL2
]
C1
&—) XTAL1
__t GND

Note:  C1,C2 =30 pF £ 10 pF for Crystals

= 40 o+ = 10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idie Internal 1 1 Data Data Data Data
Idle External 1 1 .. Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 | 0 Float Data Data Data

4 AT89C51




mtel“’ 82C55A
CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

m Compatible with all Intel and Most
Other Microprocessors

m High Speed, “Zero Wait State”
Operation with 8 MHz 8086/88 and
80186/188

m 24 Programmable I/0 Pins
m Low Power CHMOS
m Completely TTL Compatible

Control Word Read-Back Capability
Direct Bit Set/Reset Capability

2.5 mA DC Drive Capability on all 1/0
Port Outputs

Available in 40-Pin DIP and 44-Pin PLCC

Available in EXPRESS
— Standard Temperature Range
— Extended Temperature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose
programmable 1/0 device which is designed for use with all Intel and most other microprocessors. It provides
241/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation.
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5.

In MODE 0, each group of 12 1/0 pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and interrupt control signals. MODE 2 is a strobed bi-directional bus configuration.

The 82C55A is fabricated on Intel’s advanced CHMOS lil technology which provides low power consumption
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.
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Figure 2. 82C55A Pinout
Diagrams are for pin reference only. Package
sizes are not to scale.

Order Number: 23;,1256-004
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Table 1. Pin Description

Symbol

Pin Number

Dip

PLCC

Type

Name and Function

PA3-0

1-4

2-5

1/0

PORT A, PINS 0-3: Lower nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.

5

6

READ CONTROL.: This input is low during CPU read operations.

@| 3l

6

CHIP SELECT: A low on this input enables the 82C55A to
respond to RD and WR signals. RD and WR are ignored
otherwise.

System Ground

A1-0

8-9

ADDRESS: These input signals, in conjunction RD and WR,
control the selection of one of the three ports or the control
word registers.

Ay | A WR Input Operation (Read)
0

Port A - Data Bus

Port B - Data Bus

Port C - Data Bus

—|=slolo
~|lo|=alo
oooog[
T LN | BN
oooo{g]

Control Word - Data Bus

Output Operation (Write)

Data Bus - Port A

Data Bus - Port B

Data Bus - Port C

- |=lo]o
~lol=lo
- | -t | b | o
olojo|o
olololo

Data Bus - Control

Disable Function

X X X X 1 Data Bus - 3 - State

X X 1 1 0 Data Bus - 3 - State

PC7.4

10-13

11,13-15

1/0

PORT C, PINS 4-7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode control. Each
4-bit port contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conjunction with ports
A and B.

PCq-3

14-17

16-19

1/0

PORT C, PINS 0-3: Lower nibble of Port C.

PBo.7

18-25

20-22,
24-28

1/0

PORT B, PINS 0-7: An 8-bit data output latch/buffer and an 8-
bit data input buffer.

Vce

26

29

SYSTEM POWER: + 5V Power Supply.

D7-0

27-34

30—33)
35-38

170

DATA BUS: Bi-directional, tri-state data bus lines, connected to
svstem data bus.

RESET

39

RESET: A high on this input clears the control register and all
ports are set to the input mode.

36

40

WRITE CONTROL: This input is low during CPU write
operations.

PA7._4

37-40

41-44

1/0

PORT A, PINS 4-7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.

NC

1,12,
23,34

No Connect
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82C55A FUNCTIONAL DESCRIPTION

General

The 82C55A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
tems. Its function is that of a general purpose 1/0
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to inter-
face the 82C55A to the system data bus. Data is
transmitted or received by the buffer upon execution
of input or output instructions by the CPU. Control
words and status information are also transferred
through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the
internal and external transfers of both Data and
Control or Status words. It accepts inputs from the
CPU Address and Con‘rol busses and in turn, issues
commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of each port is pro-
grammed by the systems software. In essence, the
CPU “outputs” a control word to the 82C55A. The
control word contains information such as “mode”,
“bit set”, “‘bit reset”, etc., that initializes the func-
tional configuration of the 82C55A.

82C55A

Each of the Control blocks (Group A and Group B)
accepts “commands” from the Read/Write Control
Logic, receives “control words” from the internal
data bus and issues the proper commands to its as-
sociated ports.

Control Group A - Port A and Port C upper (C7-C4)
Control Group B - Port B and Port C lower (C3-C0)

The control word register can be both written and
read as shown in the address decode table in the
pin descriptions. Figure 6 shows the control word
format for both Read and Write operations. When
the control word is read, bit D7 will always be a logic
17, as this implies control word mode information.

Ports A, B, and C

The 82C55A contains three 8-bit ports (A, B, and C).
All can be configured in a wide variety of functional
characteristics by the system software but each has
its own special features or “personality” to further
enhance the power and flexibility of the 82C55A.

Port A. One 8-bit data output latch/buffer and one
8-bit input latch buffer. Both “pull-up” and “‘pull-
down” bus hold devices are present on Port A.

Port B. One 8-bit data input/output latch/buffer.
Only “pull-up” bus hold devices are present on Port
B.

Port C. One 8-bit data output latch/buffer and one
8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4-bit latch and it
can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B. Only
“pull-up” bus hold devices are present on Port C.

See Figure 4 for the bus-hold circuit configuration for
Port A, B, and C.
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Figure 3. 82C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions
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Port pins loaded with more than 20 pF capacitance may not have-their logic level guaranteed following a hardware reset.
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Figure 4. Port A, B, C, Bus-hold Configuration
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82C55A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can
be selected by the system software:

Mode 0 — Basic input/output
Mode 1 — Strobed Input/output
Mode 2 — Bi-directional Bus

When the reset input goes “high” all ports will be set
to the input mode with all 24 port lines held at a logic
“one” level by the internal bus hold devices (see
Figure 4 Note), After the reset is removed the
82C55A can remain in the input mode with no addi-
tional initialization required. This eliminates the need
for pullup or pulldown devices in “all CMOS” de-
signs. During the execution of the system program,
any of the other modes may be selected by using a
single output instruction. This allows a single
82C55A to service a variety of peripheral devices
with a simple software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of
the output registers, including the status flip-flops,
will be reset whenever the mode is changed. Modes
may be combined so that their functional definition
can be “tailored” to almost any 1/0 structure. For
instance; Group B can be programmed in Mode 0 to
monitor simple switch closings or display computa-
tional results, Group A could be programmed in
Mode 1 to monitor a keyboard or tape reader on an
interrupt-driven basis.

{ ADDRESS BUS
1 [
{ CONTROL BUS
10 13
DATA BUS
0,0, %-Ail
&

82CS8A

sl 8 ——— AT

R

AL T e M

231256~5

Figure 5. Basic Mode Definitions and Bus
Interface

82C55A

CONTROL WORD

Dy| O | Ds | Py | D3 | D, | Dy | Dy

L

GROUP B

PORT C (LOWER)
b 1= INPUT

0=0OUTPUT

PORT B
1= INPUT
0= OUTPUT

MODE SELECTION
0=MODE 0
1=MODE 1

GROUP A

PORT C (UPPER)
1= INPUT
0= OUTPUT

0=OQUTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X = MODE 2

MODE SET FLAG
1= ACTIVE

231256-6

Figure 6. Mode Definition Format

The mode definitions and possible mode combina-
tions may seem confusing at first but after a cursory
review of the complete device operation a simple,
logical 1/0 approach will surface. The design of the
82C55A has taken into account things such as effi-
cient PC board layout, control signal definition vs PC
layout and complete functional flexibility to support
almost any peripheral device with no external logic.
Such design represents the maximum use of the
available pins.

Single Bit Set/Resei reaiure

Any of the eight bits of Port C can be Set or Reset
using a single OUTput instruction. This feature re-
duces software requirements in Control-based appli-
cations.

When Port C is being used as status/control for Port
A or B, these bits can be set or reset by using the Bit
Set/Reset operation just as if they were data output
ports.



82C55A

' ‘ e ;z_r'r/nasn
LS. SN 0= RESET
DON'T
CARE
BITSELECT
fo[1]2]3]a]s]8[7]
1]o[1]o[1]0]1{Bo|
o[1}1]efo1]1
folofofof1]1[1]1]s:
BIT SET/RESET FLAG
0= ACTIVE
231258-7
Figure 7. Bit Set/Reset Format

intgl.

When the 82C55A is programmed to operate in
mode 1 or mode 2, control signals are provided that
can be used as interrupt request inputs to the CPU.
The interrupt request signals, generated from port C,
can be inhibited or enabled by setting or resetting
the associated INTE flip-flop, using the bit set/reset
function of port C.

Interrupt Control Functicns

This function allows the Programmer to disallow or
allow a specific 1/0 device to interrupt the CPU with-
out affecting any other device in the interrupt struc-
ture.

INTE flip-flop definition:

(BIT-SET)—INTE is SET—Interrupt enable
(BIT-RESET)—INTE is RESET—Interrupt disable

Note:
All Mask flip-flops are automatically reset during
mode selection and device Reset.
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T4VHC138

3-to-8 Decoder/Demultiplexer

General Description

The VHC138 is an advanced high speed CMOS 3-to-8
decoder/demultiplexer fabricated with silicon gate CMOS
technology. It achieves the high speed operation similar to
equivalent Bipolar Schottky TTL while maintaining the
CMOS low power dissipation.

When the device is enabled, 3 binary select inputs (Ag, A¢
and Ay) determine which one of the outputs (Og—07) will go
LOW. When enabie input E; is held LOW or either E; or E,
is held HIGH, decoding function is inhibited and all outputs
go HIGH. E;, E4 and E; inputs are provided to ease cas-
cade connection and for use as an address decoder for
memory systems. An input protection circuit ensures that

November 1992
Revised April 1999

0V to 7V can be applied {o the input pins without regard to
the supply voltage. This device can be used to interface 5V
to 3V systems and two supply systems such as battery
back up. This circuit prevents device destruction due to
mismatched supply and input voltages.

Features

M High Speed: tpp =5.7ns (typ) at Ty = 25°C

B Low power dissipation: Icc =4 pA (max.) at Ty =25°C
B High noise immunity: Viyn = Vi =28% Ve (min.)

W Power down protection provided on all inputs

M Pin and function compatible with 74HC138

Ordering Code:
Order Number | Package Number Package Description
74VHC138M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narmow
74VHC138SJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE Ii, 5.3mm Wide
74AVHC138MTC MTC16 16-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74VHC138N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Surface mount packages are also available on Tape and Reel. Specify by appending the suffix letter “X" to the ordering code.
Logic Symbols Connection Diagram
| o/
g o M R A1 16— Vo
s, M2 150=0y
A3 14f=0
Eesnnuesuy £ -4 13}=0,
PITITTT o s
IEEENEC e 115=0,
BIN/OCT o3 o7 10—35
e b g GND—| 3 9}—0g
L L 2P0,
. sp—T, Pin Descriptions
. & A3,
; il o 50— 0s Pin Names Description
1 sP— 3,
£, > i 5: Ag-Ay Address Inputs
E—Ez Enable Inputs
Fa Enable Input
040, Outputs
@ 1999 Fairchild Semiconductor Corporation DS011537.prf www.fairchildsemi.com
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Philips Semiconductors

Octal D-type transparent latch; 3-state

Product specification

74HC/HCT373

B B B ]

FEATURES

¢ 3-state non-inverting outputs for bus oriented
applications

Common 3-state output enable input

Functionally identical to the “563”, “673” and “5633"
Qutput capability: bus driver

lcc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT373 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT373 are octal D-type transparent latches
featuring separate D-type inputs for each latch and 3-state
outputs for bus oriented applications. A latch enable (LE)

input and an output enable (OE) input are common to all
latches.

The “373" consists of eight D-type transparent latches with
3-state true outputs. When LE is HIGH, data at the D,
inputs enters the latches. In this condition the latches are
transparent, i.e. a latch output will change state each time
its corresponding D-input changes.

When LE is LOW the latches store the information that was
present at the D-inputs a set-up time preceding the
HIGH-to-LOW transition of LE. When OE is LOW, the
contents of the 8 latches are available at the outputs.
When OE is HIGH, the outputs go to the high impedance
OFF-state. Operation of the OE input does not affect the
state of the latches.

The “373" is functionally identical to the “533", “563” and
“573”, but the “563” and “533" have inverted outputs and
the “563" and “573” have a different pin arrangement.

QUICK REFERENCE DATA
GND =0V, Tamp =25°C; t,=t;=6ns
TYPICAL | .
SYMBOL PARAMETER CONDITIONS UNIT
HC | HCT
teu/ ten propagation delay CL=15pF; Vec =56V
Dpto Q, 12 14 ns
LE to Q, 15 13 ns
C input capacitance 35 |35 |pF
Cep power dissipation capacitance per latch notes 1 and 2 45 41 pF
Notes

1. Cppis used to determine the dynamic power dissipation (Pp in pW):

Pp = Cpp % Vee2 x fi + ¥ (Cp x Vec? x f,) where:
fi =input frequency in MHz
fo = output frequency in MHz
¥ (CL x Vee? x o) = sum of outputs
C. = output load capacitance in pF
Ve = supply voltage in V

2. ForHC the condition is V; = GND to V¢c. For HCT the condition is Vi= GND to Vec - 1.5V

ORDERING INFORMATION

See “74HC/HCT/HCU/HCHOS Logic Package information”.
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Philips Semiconductors

Product specification

Octal D-type transparent latch; 3-state 74HC/HCT373
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1 OE 3-state output enable input (active LOW)
2,5,6,9,12, 15, 16, 19 Qg to Q7 3-state latch outputs
3,4,7,8,13, 14,17, 18 Do to D7 data inputs
10 GND ground (0 V)
11 LE latch enable input (active HIGH)
20 Vee positive supply voltage
sl U E Vee R I Nen
% 7] 15] 07 LE Do
0g [3] i8] 07 ::2? Z'::: -"-’-—-1 5 J: "
01 E E Og 7=—10, Qyt—8 A -
Q{5 373 E% 8—{D; Qzf—0 7] s
025 EQS 13— D4 Qg b—12
o 14— Og 05 — 18 8 .
02 (7] 14] 05 17Dy Og|—18 13l 12
03 {0} 3] 04 8—{0; ay}—19 . ™
azfe 12| Qq =
E j ?l 7293251 o Ll
GND {10 11'] LE & %
— }—-—-
7293280 7283282
Fig.1 Pin conﬁguration'. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
September, 1993 3



Philips Semiconductors Product specification
Octal D-type transparent latch; 3-state 74HC/HCT373
FUNCTION TABLE
2 65 gils OPERATING | INPUTS | |NTERNAL | OUTPUTS
2 1o, — 7 s MODES |[OE|LE D, LATCHES Q, to @;
7|82 | - or 1K) enable and LIH]|L L L
2jPs ] LATCH [ 3-STATE 25l o o
13404 | tws || oursurs [ Q4fiz register LIH|H H H
1405 - | Qg5 (transparent
17iDg ] | Qgl1q mode)
18107 ] %719 latch and |2 L L
ahe ST readregister | L | L | h H H
: |58 T latchregister | H | X | X X Z
and disable H| X | X X Y4
7293283 outputs
Fig.4 Functional diagram. ticigs
1. H=HIGH voltage level
h = HIGH voltage level one set-up time prior to the
HIGH-to-LOW LE transition
LE L = LOW voltage level
I = LOW voltage level one set-up time prior to the
HIGH-to-LOW LE transition
LE X =don't care
& Z = high impedance OFF-state
D — 3
LE 72909871
Fig.5 Logic diagram (one latch).
" g 0, 0, Dy D4 Dg g Dy
TD O—YD O—TO O—TD O—YD O—TD Q—Yo Q—‘Yo Q P
LATCH LATCH LATCH LATCH LATCH LATCH LATCH LATCH
1 2 3 4 3 [} 7 8
LE LE LE LE LE LE LE LE LE LE iE LE LE LE LE LE
! | l | 1 | Il
Dol Do
TR R Y Y Y Y Ty
Qg a, a, Qg 04 Qg Qg Q;

Fig.6 Logic diagram.

September.1993



Airship Design

General Airship Design with Direct Relations to the Blimp Simon

1. Buoyancy and Lift

a) lift

Any vehicle operating in a medium may obtain lifting forces from three primary sources:

static lift, dynamic lift, and powered static lift.

The most economical of these forces from the production of lift point of view is undoubtedly the static
lift wherein buoyant force is generated by the displacement of a portion of the supporting medium by
the body. For a waterborne vehicle, this lift is embodied in the displacement ship, and for airborne
vehicles, this is the balloon.

The inefficiency of the static lift vehicle comes when it is required to move through the surrounding
medium. Due to the nature of displacement buoyancy, these vehicles tend to be very large and, as a
result, they develop a great deal of dynamic drag when in motion. The dynamic effects of the motion
can be used to an advantage, however, if the motion can be used to generate lift. by shaping the body,
or a portion thereof, as a lift producing foil, a lifting force may be developed to support the weight of
the body, provided sufficient forward speed is attained. In air this is the airplane, while in water this the
hydrofoil craft.

A principle disadvantage of the dynamic lift vehicle is that it requires forward motion of some finite
velocity to generate the lift. As a result, this vehicle can neither fly very slowly nor can it remain
airborne at zero forward velocity (hover). If these attributes are required, one must provide some sort of
internal powering for the static lift, such as a vertical jet exhaust, or a propeller with a vertical
downflow. In air this is the helicopter or special aircraft, and on water (or in close proximity to the
earth) this is the air cushion vehicle or hover craft.

Having defined these primary sources of lifting force, one might observe that it is possible to use two
of these sources, or even all three, in combination. By doing so, one moves from the pure lifting force
source, for example static lift, to a hybrid source, such as a partial static lift and a partial dynamic lift.
This is exactly the technique used with Simon. Its envelope produces static lift, while the two motors
provide powered static lift and dynamic lift.

b) Static Lift of an Airship

Obviously, when looking at an airship, the amount of static lift is the most important. Because it plays
the decisive role on whether an airship will float or not, it will be looked at closer in the following.

The principal tenet of static lift is that a body displaces a voiume of ihe surrounding medium whose
weight is equal to or greater than the total weight of the immersed body. If the weight is equal, the body
is said to have neutral buoyancy, while if the weight of the body is less than that of the displaced air,
the body has a positive buoyancy. The lift of he in air is obtained as following

Frin=Pu—PyleV

(1) Nomenclature

The greatest static lift is to be obtained from hydrogen with helium a close second. It has to be noted
that although the weight of a given volume of helium is approximately twice that of an equal volume of
hydrogen, inasmuch as the lift is the difference between the weight of the gas and the weight of air, the
lifting capacity of hydrogen is but about eight percent greater than that of helium.



When considering the high degree of flammability of hydrogen, one might ponder why that gas is even
considered as a static lift source. The answer lies in the economics of its procurement. Wherein helium
must be mined or extracted from minute quantities in the atmosphere, hydrogen can be obtained
inexpensively from the electrolysis of water.

Due to the natural impurities that are present in helium as it is recovered from the earth, and due to the
cost of extensive refining, commercial helium is seldom available at greater than 98 percent purity.
This means that the lifting force of helium depends on its purity and is never 100 percent.

¢) Temperature and Pressure

Very important for the correct use of aerostatic systems is the knowledge of the weather and its
tendencies. The most important influences emerge through air pressure and temperature changes.

As the airship ascends, the lifting gas expands due to the reduction of the ambient air pressure. This
pressure can be expressed as an index, the standard atmosphere (ISA), which indicates the air density
for different altitudes above sea level . To prevent overpressure inside the airship hull as the airship
rises, ballonets and valves are used to level out the differences in pressure. With valves, the pressure
may be regulated by radio signals. Ballonets are small balloons inside the hull of an airship, filled with
air and, as pressure rises, losing air automatically. There is some altitude at which, with the ballonets
completely empty, it is just possible to return to the ground with the ballonets filled to capacity. This
altitude is called pressure height. Flight above pressure height will result in the ballonets becoming
completely filled prior to the airship reaching the ground on its descent and then some other measures
must be taken to maintain the shape and pressure of the envelope. The most common measure is the
addition of air to the lifting gas using the previously mentioned safety valve.

Unless the pressure airship is considerably above the pressure height, a decrease in altitude or an
increase in barometric pressure will have little or no effect on the static lift inasmuch as the lifting gas
will contract and the airship will no longer be at pressure height.

Because of local heating, usually from the sun on the envelope, it is possible for the lifting gas to be at
a different temperature than the surrounding air. If the sun heats the lifting gas so that it is at a higher
temperature than the surrounding air, a condition called superheat, the same weight of lifting gas
displaces a larger volume of air, and therefore a larger weight of air. This produces an increase in static
lift

Inasmuch as the specific density of the gas is inversely proportional to the ratio of absolute
temperatures, the percentage increase in static lift due to a temperature increase may be found from the
relationship

n
FLUZ = 100 '?:——- 100
0 (2) Nomenclature

Because of these large influences of the sun, winds and air pressufe on aerostatic systems, it is
recommended to let an airship fly at sunrise or sunset, in order to avoid strong currents.

2. The Envelope

a) Dimensions - the Look of a Zeppelin

The envelope or hull is the main part of an airship because, as the wings of a plane, the envelope
decides if an airship is going to fly. Most radio-controlled airships are nonrigid and their envelope is
usually in the shape of a cigar that is kept in form by internal overpressure. Rigid models often
encounter serious overweight problems because of an adverse weight to volume ratio. The most
difficult task is to choose a material which makes the envelope light, tough, and most important of all,
helium-tight. The envelope is often the factor that keeps people from building model airships because it
is something that cannot be found in other aircraft model building,

It is very important to give an airship its special design. Some people might find it nostalgic or even a
waste of time to design an airship in its unique form. This is simply not true. The previously mentioned
cigar-shaped hull gives an airship stability, low air resistance and a maximum amount of lift. Tried and
tested, very reliable and effective designs are the Goodyear blimp design, Prill's semirigid design, or, of
course, Zeppelin's own, more than 100 slightly variable designs . For Simon, another aspect was the
feasibility of the hull construction with limited means and minimum expenses. Along with this
considerations came the demands Simon had to fulfill. It had to be the smallest blimp possible for
outside operation. Thus, the design of an ellipsoid of rotation (EoR) combined with a middle-cylinder



(MC) was chosen, as described in the construction of Simon, aftsr the simple formula for the volume of
an EoR (3) and a cylinder (4)

4 2
V=§Rab
(3) Nomenclature
Vzbzni

(4) Nomenclature

b) Volume, Lifting Force, and Weight
In chapter 1. b) Static Lift of an Airship, it becomes clear that the lifting force of an airship is directly

related to the volume of its hull by equation (1). The weight, however, determines both of these values.
The airship needs a lifting force at least as big as the overall weight of its components to be able to
float in the air. Since temperature changes and pressure variations influence the ideal lifting force, it
becomes necessary to calculate an ideal lifting force and volume big enough to overcome these
influences. More is better than less. Also, it is often very difficult to calculate the overall weight of an
airship in advance.

It is recommended to actually construct as many of an airship's parts as possible, i. e. the gondola, the
propulsion, the fins, before deciding on the exact volume of its hull.

For Simon, an ideal lifting force about 10% bigger than its weight was calculated. This left enough
elbowroom for weather moods and eventual changes or improvements and additions to the blimp.

3. The Gondola

a) Funtions

In general, the gondola of a radio-controlled airship contains the receiver and batteries and has the
motors attached to its outside or back. The easiest solution is probably to have one motor aft, but it is
definitely more effective in terms of steering to have two motors, one on each side like on most of
today's blimps. The alternative to gondola mounted motors is to have them in separate gondolas on the
sides of the ship or undemneath it, as it has been done with the historic zeppelins. Having them at a
distance from the other equipment helps to distribute the weight load and avoids interference of their
magnetic fields with the receiver. Also, the danger of damaging the hull is smaller. To completely
avoid this danger, impeller motors may be used . Furthermore, if the motors can be operated
independently, a wide separation increases the maneuverability of the airship.

b) Form and Dimensions

A gondola needs to combine two things. First, the weight of it has to be as small as possible and the
stability very high, to bring up the question of the material to be used. Secondly, it has to be large
enough to enclose the batteries and electronics. As a third aspect, an aerodynamic form might be ,
considered. Because the exact center of gravity of an entire blimp can hardly be calculated, it is a good
idea to leave space inside to move the batteries around and balance the blimp as a whole.

Glassfibers and epoxy, GFC, is the preferred material in such situations because of their toughness and
lightness. Processing may prove to be hard, since GFC is normally formed through overpressure or an
applied vacuum, but if not done so, the outcome simply lacks smoothness.

4. Flight Dynamics

a) Steering

There are many possibilities to control and steer a floating airship in the air. For Simon, a most
sensitive and weather conditions independent solution was developed. Simon has two motors, on each
side, connected through a movable axle, that can tilt up and down. This feature is called vectored thrust
(VT).

VT allows for very exact vertical steering of an airship. It may replace the less effective rudders, which
tend to react slow because of the only low speeds of an airship.

VT produces powered static lift and may play an important role in fine-calibrating the float of an
airship. It makes it possible for an airship to descend without the use of a valve or other means of
letting off helium.

Since the two motors of Simon can be operated independently forth and back and are separated by over
1 m from each other, they provide a great horizontal maneuverability. One motor may thrust forwards,
the other backwards. Backward thrust is-a little smaller than forward thrust because of the special shape



of the propellers.

As mentioned, a special feature important for any airship is the possibility to operate the motors
forth and back, to produce thrust in both directions. in combination with VT, this enables the
airship to ascend, descend, and make sharp turns in both directions.

b) Friction and Drag

In order to choose the right motorization for an airship, friction and air resistance may not be neglected.
Friction depends on the material used. For Simon a Mylar foil is used for the hull, which is fragile but
tough and insulating. With mylar, friction is very small, not relevant. It's different with air resistance.
An aircraft always produces resistance, drag in the air, depending on its size and velocity after the
equation

1 2
Fo=cc i <Dt
2 (5) Nomenclature

The index of air resistance cr may be found through wind channel tests for different bodies. The index
of an EoR lays in between 0.05 and 0.5, depending on the length to width ratio of the body.

In Simon's case, the calculation of air resistance is important because it determines the power of the
motors to choose. All calculations conducted ignored possible winds and other atmospheric influences
on air resistance since the calculation was only theoretically possible with a cr estimated to be 0.35. )
Stabilization

Tail surfaces are needed to stabilize an airship. At the University of Toronto, extensive studies showed
the influences of stabilizers for an airship, and the conclusion drawn recommended to always use fins
with an airship.

Tail surfaces and rudders need to be designed so that they allow effective control of the directions of
the airship. Because of Simon's VT and independently controlled motors, rudders are not necessary to
further control him. Also, they are only of limited practical use because of small speeds as mentioned
earlier in this report. Stabilizers are used and designed in a way to stabilize, but not to overstabilize.
Overstabilization means a limitation of the airship's agility through too large fins. Again, with too small
fins, the ship often progresses in a wave-like motion.

Tail surfaces for airships are built in the same way as those for radio-controlled planes, just lighter and
especially with more surface. Light balsa wood or styrcfoam structures covered with Monokote are
recommended. That is exactly how Simon's stabilizers are built. Its four fins have an adequate height of
0.55 m each, and a length of 0.40 m.

5. Electronics and Motorization

a) Electronics

Inside the gondola, all the electronics needed to properly control an airship are arranged. They may
include a servo to tilt the motors, accumulators, speed controllers, a receiver for the radio-control
system and batteries supplying it with power.

Usually, accumulators are bought connected to one another in series . It is possible to use other
accumulators than those for model planes and cars; Li-accumulators (used in notebook computers) are
no more expensive and considerably lighter. Whatever is chosen, it has to be light!

b) Motorization

There is always the option of using either combustion engines or electric motors for model aircraft. The
advantage of electric power is that it allows for very precise throttling combined with electronic speed
controllers. Even though an electric system is gererally heavier than a combusticn engine, the added
benefit of reversibility will drastically improve low speed maneuverability. In addition, an electric
system keeps the same weight and does not affect buoyancy, unlike an engine that burns gas and makes
an airship lighter during flight. Usually, large propellers with few rounds per minute (possibly through
a reduction gear) are more efficient than small, fast turning propellers.

Possibly, impeller propellers may be used. Because of their turbine-like making, they provide excellent
protection of the hull from eventual propeller hits. Also, they are easy to glue to a tilting axle for VT.
normal electric motors need to be welded to the axle. Their disadvantage is fewer thrust compared to

-+ normal propellers.

Simon uses normal 0.115 m, 6-9 propellers for thrust, combined with two 110 W motors. They proved
to be dependable and efficient.



6. Etceteras

a) Flight Certification

Fundamentally, radio-controlled balloons and airships are subject to the same restrictions as other
radio-controlled flying models.

There is the question of the use of hydrogen as the lifting gas for balloons and airships instead of the
much more expensive helium. Common belief is that it is forbidden. The rumor is wrong; a restriction
only exists for commercial employment of manned airships with hydrogen. Still, hydrogen is usually
much harder to obtain because of its dangers.

There are no exact building regulations and determinations of "small and light" aerostats. when
planning a craft of more than 20 kg total mass, sketches and calculations should be shown, however, to
the authorities for permission.

b) Meteorology and Atmospheric Effects

As mentioned in chapter 1. ¢) Temperature and Pressure, the lift of the different gases changes through
many different meteorological influences, and a small airship is hard to control in even weak currents.
Additionally, the danger of losing the airship due to an upward current is always high for an
inexperienced airship pilot. If possible, the tryout and inaugural flight of a small airship should be
made indoors, or if not possible during the morning of a calm summer day.The authors are talking from
experience...




The Construction of the Blimp Simon

Airship Science Applied in Real

1. First Steps

a) Hull Shape

The most important aspect of the blimp Simon was its overall design and the dimensions of its
envelope. Because the actual size could not be evaluated before the weight of the structure was known,
a first design only included the form and ratio of the hull and not its final dimensions.

Two aspects were important when designing the front or tail piece of the blimp. There was the look of a
zeppelin, an aerodynamically formed nose and a tail possibly pointed or round. Also, there was the
volume to surface ratio affecting air resistance, wind influences and most important, cost. Simon took a
special approach to a design of an ellipsoid of revolution (EoR), giving it the look of a blimp. Different
length to width ratios were drawn and their volume graphs had to be calculated to be able to compare
the advantages of each design (done with the mathematical computer program Maple V).

A ratio of 1 : 3.27 was finally chosen. The advantages are a large volume even for small radii and thus
a large lifting force and low air resistance. At the same time, the ratio looked good.

In the same way, a middle cylinder (MC) was fitted into the system. Its length was determined to be
two thirds of the length of half the ellipsoid.

b) A Gondola

The gondola design proved to be quite hard. Since computer models were not satisfying, the form of
the gondola was developed by hand, simply by drawing various sketches. The result was a drop-like,
aerodynamic shape. A size of 0.60m x 0.28m x 0.10m was chosen because of considerations including
the size of the accumulators, a width supporting the tilting axle and the weight of the motors and
propellers, and space for the electronics. The axle would be at the largest width of the gondola. The
material to be used is GFC, light and tough.

¢) Dimensions

It finally got time to set Simon's actual size. Thus, the electronics, a servo, two motors, two speed
controllers, a receiver, and 16 accumulators were bought and weighted. Mylar foil was also weighted,
together with the balsa wood needed for the stabilizers.

It can be said, that the dimensions of an airship depend on the power output of its motors, sinze
the motors and accumulators make up for the largest part of its weight. The more power the
motors produce and the more accumulators are needed, the bigger the airship gets.

The volume to radius ratio, and thus also the lifting force for a given radius of Simon had previously
been evaluated. Because motor power output - and the weight of the motors - also depend on the size
and volume of an airship, the following relation between f, and fi;, was drawn as shown in the graph
below. Since Simon was meant to be an outdoor blimp, fighting against wind and turbulences, it had to
be motorized sufficiently, meaning a quite large motor weight. Not expressed in the graph are the
influences of inertia and other more complicated aspects, since the graph itself is only an
approximation.
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From the graph , the minimum dimensions of Simon could be determined. they lay around a radius of
0.5 m and thus an overall length of 4.3 m. As previously mentioned in General Airship Design, 110
percent of these values were used for Simon to take precautions against any eventualities. See Simon's
dimensions.

2. Calculations and Model Construction
a) Hull Values

It is always best to find out the main data of an airship, to see where possible problems might come up.
Is fiiq large enough? How large is the surface of the blimp? etc.

The exact volume of Simon had been calculated by formula (3) and (4) already mentioned in General
Airship Design. The origin of (3) derives from the equation of an ellipsoid, (6) and (7).

@ & (6)

(7) Nomenclature

The formula for any body of revolution and thus also for Simon's EoR is expressed through

a
V=J 8 f(x)2 dx

4 (8) Nomenclature

When substituting (7) for f{x) one gets the final formula for an EoR

4
¢ V=”‘?Iab2

e ) (3) Nomenclature

When formulas (3) and (4) are evaluated, the volume of the ellipsoid and cylinder equal to 3.42 m’.
fiin of 100% pure helium (ideal gas) in air at 0&deg;C and 1.013 x 10’ Pa is equal to 10.9 N per cubic
meter. Using equation (1), a fiz of 37.4 N results. This value may change through pressure and
temperature influence, expressed in equation (10)



P1V1_3’2V2

Tl T2
(10) Nomenclature

Also, it is important to know the surface of the envelope to estimate the weight and price of the
envelope material needed. It is given by the equation for the surface of revolution of a body, derived
from the length 1 of a curve

73
«/ (Zxof f \/ )
1+|—fx)| dx S=| 2n8x)al 1+|—fx)| dx
Sx Sx

. (11) - (12)
Nomenclature

L

where, again f{(x) is substituted by equation (7). Also, the equation for the surface of Simon's MC must
be considered. it is

§=2mbl (13) Nomenclature

The final surface is expressed through

r-a
4 2
bl
S=2]nh+ 1+ 5 5 dx
402 2N (2
NS 5 a
v a
o (14)
Nomenclature

Simon's surface equals to 14.3m*

b) Calculating Hullparts

How may one build a threedimensional blimp from plane mylar foil? This was a central question when
building the blimp Simon. Obviously, it could not be done with one piece, but needed the more, the
rounder the structure had to be. Too many pieces, however, would have made the construction last
forever. Thus, it was decided that Simon would be made of 26 pieces, 12 for the front, 12 for the tail
and 2 for the mc. each of them had an additional glue fold.

The hullparts where obtained by dividing the circumference of the ellipsoid by 12 at every point x of
the x-axis below.

o

(15) Nomenclature

(16) Nomenclature

To be able to draw and afterwards actually cut out Simon's hullparts, the 1 and w values for a given
point x needed to be evaluated.



¢) First Models

To control the correctness of the hullpart calculations and see the gondola in 3D, both, the hull and the
gondola, were built as a model first. From paper, a hull was put together in the actual design of Simon
in a scale of 1:5, and from a polystyrene cylinder, a gondola was cut out true to scale. It could
afterwards be used as a positive form of the real gondola.

A model shows the dimensions in the room. It also helps doublechecking the theoretical work.

3. Construction of the Main Parts
a) a tilting axle

The application of vectored thrust (VT), as already described in General Airship Design made it
necessary to construct a tilting axle. For Simon, a simple construction as shown below was chosen. VT
allows for two different options. Either only the propellers or both the motors and propellers are
mounted at the tips of the axle. To mount only the propellers rises the problem of connecting the
motors with the propellers through the axle. To mount the motors and the propellers causes a stability
problem: The axle has to support the weight of the motors and the propellers. It was decided that Simon
would support a system with the motors and propellers mounted at the tips of the axle; an aluminum
pipe (diameter: 8 mm) was used to overcome stability problems.

op view vero] ..9\'

,,,,,
b

b) Construction of the Gondola and the Hull

Since a polystyrene model of the gondola was already made, it was used further to construct the
gondola. From the polystyrene shape, a negative form of plaster was cast. After a week the plaster was
dry and a layer of wax and one of GFC were laid inside the negative form. the wax kept the plaster
from sticking to the GFC. Once the shape of the gondola was finished, holes for the tilting axle were
drilled and supporting aluminum braces were glued to the axle and the gondola. The axle was
additionally supported by four ball bearings.

Next, the hull had to be put together. Conducting various tests, it was found that contact glue was the
ideal adhesive for making the hull heliumtight, since welding was not an option for a polyurethane like
mylar. Because the outermost front and tail parts were extremely difficult to glue threedimensionally, a
polystyrene body to fit the front and tail of the airship was sanded. It could be used as a 3D surface for
gluing. It took 30 to 40 hours of gluing and four tubes of glue to put the envelope together. A valve and
two pieces of wood were then placed inside the hull. The valve, with a diameter of 0.01 m, would be
used to inflate the blimp, the two pieces of wood to mount the gondola to the hull. The gondola would
be coupled to the envelope through four mounting points. Four screws from inside the envelope went
through the pieces of wood and attached the gondola to the rest of the airship with wing nuts.

c) The Electronics

Inside the gondola, the electronics needed to properly control the airship were arranged . They included
a servo to tilt the motors, sixteen 1.2 V accumulators, two speed controllers, the receiver of the radio-
control system and four batteries supplying it with power. Eight accumulators made up an accu pack,
connected to each other in series. The receiver controlled the serve and the two motors with their speed
controllers. This way, the motors made up two independent circuits.

See a scheme of Simon's electronics.

d) The Fing

At last, tail surfaces were designed. Simon's four fins became huge with a height of 0.55 m each, and a
length of 0.40 m, but compared to the envelope, they seemed extremely small.

Made of monokote and light balsa wood, the fins are extremely light. still, they needed to be considered
when evaluating the center of gravity of the blimp. The exact center of gravity could only be located
empirically, in Simon's case with a large wooden scale.

4. First Experiences and Improvements

a) Flight Preparations



When all parts were built, they needed to be put together. After connecting all the electronics inside the
gondola and turning the power on, the gondola could be mounted. Then, the helium was filled in
through the valve until Simon started to float. The fins were attached to the tail by tape. Because of the
extra weight of the fins, more helium was filled in. When Simon floated again, the helium was
substituted by air, filling the envelope all the way, giving it its final shape and producing a slight
overpressure.

b) Flying a blimp

It is no secret now: Simon got too small. Even with little wind, the airship was shaken by ever little
airstream. The problem was not caused by undermotorization or too small fins. With absolutely no
wind Simon obtained speeds of up to 5 m/s and flew completely steady. Thus, the small airship Simon
involuntarily got only a calm-weather-blimp. One simple measure helped a little to avoid unpleasant
winds: flying at iittle altitudes!

¢) Improvements

Afier the first practical experiences, many new and sometimes demanding problems arose. The valve
was a little small: With a valve of a larger diameter, it would not take as long to inflate the blimp. Also,
a safety valve would be preferable. This means some sort of a radio-controlled system to control the
opening of the valve, or even an additional valve. There were many possibilities to solve the problem,
but none of them was easily applicable. There would be the option of an electromagnetically controlled
valve, a coil with an iron core and an applicable current. A one way version of a safety valve would be
a thin membrane to be destroyed by a movable and sharp tool such as a needle. Third, there would be
the mechanical valve, controlled by a servo. For Simon none of the above has been used yet, but the
construction and use of a mechanic valve is heavily discussed at this very moment.

The motors also proved to be difficult to handle. For strong currents, they were not powerful enough,
for calm weather, they were more than sufficient. Also, during the course of various flights, it was
found that the motors heated up very fast because of a large current flow. It even occurred once that
one of the motors melted out of its fixture! Thus, the use of other, less resistive motors turning at a
lower frequency is discussed at the moment. The fixture of the motors has already been reinforced by
ring clamps. Also the supporting aluminum braces of the axles have been reinforced. Previously, they
often got damaged during hard landings.

The envelope problem: in the beginning, the hull was amazingly very heliumtight. But after a few
crashlandings and many transportations of the blimp, it started to leak. The weak points are the vertical
glue folds between the ellipsoid and the cylinder. However, the hull itself got damaged, as well, and
many little holes, invisible for the eye, grew larger. Now test are being conducted with lacquers such as
silicon to seal those holes.

5. Completion
a) Motor Thrust - an Experiment
How powerful are the motors, with the given propellers? The motors currently used are two Robbe
Power Plus 410/12 with two 9-6 propellers. To experimentally determine the thrust of one of them, a
scale with a fulcrum was built. A thrust of 3.3 N per motor was determined.
b) Air Resistance - an Approximation
Since thrust was known, it became interesting to determine air resistance. The difficult part was not the
calculation, but the approximation of the index of air resistance c,, since no wind tunnel facility was
available. For a perfect sphere, c; is 0.47, for a streamlined body 0.05. Also, equation (5) is only valid
for turbulent streams. For the blimp Simon, turbulent streams were guessed to appear from a speed of 2
m/s up. Thus, equation (5) could be written as following
1

Fr:_cr o) v2 g8 b2

. 2 (17) Nomenclature

_Where 2y

and °=T &2

rho is the density of air, in this case 1.293 kg/m3. For ¢, an approximation of 0.35 was chosen, in the
middle of the values of a sphere and a streamlined body, a little closer to a sphere. The graph below
shows the relationship between speed (x) and air resistance (y). It may be seen that Simon has a



theoretical maximum speed of 5.54 m/s. Beyond this value, motor thrust of 6.6 N is lower than air
resistance.

10 /

>
N\,

¢) Helium Recycling

Helium is very expensive. Why not recycle it then? The problem is: To get the helium out of the blimp
envelope, a vacuum pump is needed. Cheap solutions for a vacuum pump are refrigerator compressors
or pumps used to inflate rubber dinghies. Their capacities are very low, though, and it takes a while to
fully deflate a huge blimp envelope, even with a big pump. However, the main problem is storage. A
heliumtight receptable, possibly under overpressure has not been found yet. Maybe it will in the future
of the blimp Simon...
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hitp://www.atmel.com/ :89C51 Microcontroller

http://www britannica.com:Air Ship

http://www.access.ch/private-users/argon/design.html :Air Ship Design
http://webs.soltec.net/movpic/Video.htm:Basic Video

http://www.britannica.com/ :Helium

http://www.national.com/pf/L M/LM1881.html LM1881,LM311 Comparator,LM741 Opamp





